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Abstract  
Construction and Demolition waste is a phenomenon that is a global challenge and the 
Construction Industry has been classified as one of the largest waste producers worldwide. 
This waste in South Africa is negatively affecting the economy and environment. The 
literature study reveals the negative impacts of poor construction waste management but 
however, the prefabrication method of construction as the means to minimize waste is 
regarded by researchers as the most efficient and effective method to reduce waste generation 
in the construction industry.  
For the first part of this study, it focuses only on material construction waste rather than 
including time and cost waste. Therefore, the purpose of this study is to evaluate whether 
prefabricated materials can reduce the generation of construction waste as compared to 
traditional method of construction. For the second part of the study, a quantitative research 
method, using an online survey, sub-factors of main origins of waste are evaluated. Their 
contribution to construction waste generation will be rated for both sectors; traditional 
construction and prefabrication method of construction. The results consequently demonstrate 
“by how much prefabricated materials can reduce waste generation” and which factors are 
mainly responsible for the production of waste in construction projects. .  
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Chapter 1: Introduction  
This chapter will provide background to study, research problem, research aim, research 
objectives, questions, scope, assumptions and rational.  
Background to the Study 
Ekanayake and Ofori (2004), define waste as any material from site that cannot to be used for 
its projected purpose due to failure of meeting specification compliance, excess material 
exchange, non-use or resulting product of the construction practise and this is apart from the 
material brought to site that will be later used for landfilling. This material can be timber, 
earth, rubble, concrete and building debris (Keal, 2007). However, construction waste is not 
only limited to physical waste but goes beyond to non-physical waste such as time and cost 
overruns (Hirota, 1999).  
Construction waste can pose adverse impacts on economy, environment and society if not 
properly managed. Discarded waste to landfills eventually result to leaching defined as toxic 
substance capable of polluting the underground water and other water streams within the 
proximity .The local Government Association of Australia (2016), point out that since 
landfilling construction waste is expensive due to unavailable land for landfills is inevitably 
driving the rise of illegal discarding of waste to undesignated areas. Other factors may 
include waste transportation costs, lack of recycling facilities and inadequate knowledge of 
the negative impacts of construction waste. Department for Business Innovation & Skills 
(2010) claims, construction industry also influences the production of carbon dioxide known 
as greenhouse gas by a significant amount.  
There is relatively large assortment of strategies to manage waste which have been 
scrutinized by various researchers, such as waste reduction, minimization, recycling and 
disposal. Researchers Tim and Tom (2006), claimed that reducing, reusing waste and 
recycling it during the construction phase will result to best strategy to monitor and reduce 
the waste production. Liu (2011) claimed that, Building Information Modelling (BIM) in 
construction can promote sustainable construction by eliminating waste before construction 
phase.  
Cheng (2013), BIM-based Waste Estimation and Planning “which uses digital architectural 
models can calculate the quantity of waste which will be produced from demolitions and 
renovations. It can separates the various waste components and also assists the contractor to 
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determine where the various waste products should be disposed of or recycled in conjunction 
with the respected rates of these activities”. Nonetheless, Tam and Hao (2014), claim that the 
prefabrication method of construction can eliminate construction waste up to 100% if 
correctly adopted. Li (2016), “Developers are moving towards the adoption of prefabrication 
to avoid future environmental issues caused by the accumulation of construction and 
demolition waste”. For this study, our main focus will be on prefabrication method of 
construction comparison study to traditional method of construction waste production and 
impact of waste upon site productivity 
Research Problem 
Definition and Context of Problem 
“The 2004 Gauteng Provincial State of the Environment Report identified building and 
demolition waste as contributing up to 25% towards the rapid loss of air space within the 
Gauteng Province’s landfill sites” (Gauteng Department of Agriculture Conservation and 
Environment). With the rapid growth of urban development currently taking place around the 
country but mainly in the north of Johannesburg, the quantity of construction and demolition 
waste is also on the increase. Majority of all the waste produced from these construction 
projects are bound to end up in landfills.  
When looking at green buildings, most of the attention is automatically focused towards 
energy and Water conservation.  Even though these are critical components of a ‘green 
building’, the issue of waste minimization and effective construction waste management 
should not be overlooked (van Wyk, 2014).  
Contractors are also becoming aware and are willing to reduce the costs of construction 
projects through the entire lifecycle of the project. Many contractors are unaware of the fact 
that effective waste management systems in a construction project will help to reduce the 
total cost of the project (van Wyk, 2014). Prefabrication is one of the major methods in the 
minimization of waste generated in construction projects however; contractors are still 
utilising traditional construction methods which produces large amounts of waste resulting 
from various factors which will be discussed in detail in the next chapter. 
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Aim of the Study 
This study ultimately aims at determining whether the prefabrication method of construction 
will produce less material waste as compared to traditional method of construction of 
construction. 
Therefore the aim is to critically;  
• Assess the impact of prefabrication on construction waste minimization  
• Measure the impact of prefabrication by comparing it to the traditional method of 
construction   
• Study Improvement of productivity  
Research Objectives 
Specific Objectives  
The objectives of this study include evaluation of 
• The building material amount delivered on site  
• Building material used  
• Building material unused/discarded  
• Identify the amount of material discarded/unused to determine whether prefabrication 
produced less waste as compared to traditional method of construction  
General Objectives  
• The general objective of this research is to identify some of the most fundamental 
factors that lead to waste generation both in sustainable buildings and traditionally 
built buildings. 
• It will be identified whether prefabrication of components can introduce “green 
construction” generally known as sustainable construction  
Research Question  
Can opting for prefabrication method of construction impact the waste generation compared 
to the traditional method of construction? 
Literature Questions 
1. What is meant by construction waste? 
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2. What are the sources of construction waste both in traditional and prefabrication 
method of construction? 
a. What are the factors that tend to generate of construction waste on site  
3. What is the impact of prefabrication on productivity and sustainability? 
Research scope 
This research study was aimed at completing the comparison study between two methods of 
construction, namely, traditional construction and prefabrication method of construction. The 
study compared waste produced during construction of both in situ slabs and prefabricated 
concrete slabs. The aim was to quantify the waste difference between the two methods when 
constructing slabs at least, quantitative research will help us to gather data, analyse it and 
quantify the differences. The instruments used were derived from existing research papers 
and modified to fully accommodate our study. Quantitative research methods also assisted us 
in identifying whether the prefabrication method of construction is a more sustainable method 
of construction.  
Delineations 
• The empirical research was conducted within the close proximity of Gauteng, South 
Africa. 
• Residential and commercial building data was used for the study. 
• The study was based on a physical material waste point of view and factors of time 
and cost wastage was not included. 
Assumptions  
Though the study ought to answer whether prefabrication should be adopted as the 
sustainable method of construction, it is assumed that construction waste is directly 
proportional to time waste and cost inclinations. Hence, when there is less material waste 
produced during the construction phase, time and cost waste will also be proportional thus 
making the method of construction sustainable.  
Overview of Research Approach  
To carry out the proposed study, we firstly reviewed literature to gain a better understanding 
on construction waste and the adoption of prefabrication as a method of minimizing 
construction waste. A formula to measure the amount of waste produced from the 
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construction of a floor slab was identified. The factors which induce waste in a construction 
project were also be identified from literature. This information gathered was obtained from 
the following sources: 
• Journal articles 
• Surveys 
• Books 
• Case studies 
For the first part of the study, which is to measure the amount of material waste produced 
from casting a floor slab in-situ in comparison to using a prefabrication slab, a formula which 
will be discussed in Chapter 3 was used. Using quantitative analysis, we were able to 
compare the amounts of waste produced from each method respectively. 
For the second part of the study, an online survey was carried out between 33 professionals in 
the construction industry. This survey will had a list of sub-factors which contribute to the 
quantity of construction waste produced in construction projects. The participants were 
required to rank each factor from a scale of 1 to 5 within the context of how greatly each sub-
factor contributes to the production of construction waste. This method was used to analyse 
both the traditional construction and prefabrication construction method. The results of this 
survey was then presented in graphs according to their Z-score percentages and analysed 
thereafter.  
Limitations 
Limitations that may have prevented us from generating the most accurate results.  
• Time allocated to conduct the research. 
• Availability of similar building design (prefabricated and traditionally constructed) 
• Travelling budget. 
• Experience to formulate our instrument. 
• Availabilities of large focus group samples. 
Rationale  
Prefabrication has been used in the construction industry for many years. The benefits of 
prefabrication are becoming known to the industry particularly focused as a means of 
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minimizing waste in a construction project (Tam and Hao, 2014). There are also many other 
benefits of employing the prefabricated construction method such as increasing productivity 
on site and decreasing overall costs of construction projects. 
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Chapter 2: Literature Review 
Quantifying Construction Waste  
Conventional  
The lack of correct captured construction data makes it difficult to accurately draw up 
quantifying methods, however, Kozslovska and Spisakova (2013), in their research have 
identified contributions from three universities with their respective proposed quantifying 
methods. Two of the universities’ contributions are discussed below:  
Llatas (2004), the author of the research, has come up with a model on the basis that the 
construction site is the core waste generator, so the model strives to estimate volumes and the 
types of building materials with the packaging brought to site. The model defined three tools 
as basics;   
• Structuring the process of construction so to Identify elements and materials to be 
brought to site  
• Introducing a categorizing system to produce a list of various waste as coded in the 
country.   
• Methodical expressions to estimate the amount of packaging waste, soil and remains. 
From the above, packaging waste factor (FP), factor of remains (FS), factor to soil (FC), 
volume increment factor (FI), can be deduced.  
Jalali (2011) suggests that quantifying can be broadly attained by the use of CI, Component 
index, which will quantify each component of construction, and the Global Index, which 
identifies common trends per square meter in present buildings that will be used to escalate 
that of future buildings.   
Empirical data to fulfil the calculations of the above will be obtained on site. For effective 
management of data, waste should be categorised into building waste (damages, over excess), 
production of waste by workers and waste from packaging (packaging and delivery)  
Mahayuddin and Zaharuddin (2013), have developed a simpler systematic approach of 
getting the volumes of waste generated, defining the steps as follows;  
• Outlining materials for use and their respective stages  
• Identifying construction sites where this will be applicable 
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• Waste shall be weighed for a defined area per construction sites and recorded so to 
calculate the rate in which construction waste is generated  
• Calculate the waste generated per scheduled activity using the following formula:  
𝐶𝐶 = 𝑊𝑊
𝐺𝐺𝐺𝐺𝐺𝐺
 
C is the generation rate, W is the total waste per activity; GFA equals the gross floor area. 
• Analyze and interpret the results. 
Prefabrication 
 Prefabrication is the process in which building components are manufactured at a specific 
area, in a controlled environment, using defined specifications and measurements, for final 
completion of the module to be erected/installed on site.  
Defining the impact of prefabrication on construction materials, Li et al (2014) proposes that 
evaluations should be conducted using the Vensim software dynamic approach.  
• The model explores inter-reliant and interactional relationships’ primary variables in 
implementation policy, application of prefabrication as well as construction waste 
handling.   
• Prefabrication technology application merits are quantified in line with reduction of 
waste, against the performance of traditional construction methods.  
• Analysing the potential waste contribution and changes to be made thereof.  
It is easier to measure errors in calculation because the environment is controlled and 
standard formulas are generated. Formulas and their variables can be manipulated to depict 
causes of waste generated.   
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The research path development to obtaining a model is deduced as follows: 
Figure 1: Systematic research approach for the various analysis techniques 
Source: Li et al (2014)  
Augustine (2011), in his research acknowledges the list of critical factors leading to 
waste generation as described by Rao, 2009. The lists came up with the following:  
1. Defective policies and procedures resulting from poor planning  
2. Organization’s structure being faulty  
3. Delaying to act by affected stakeholders  
4. Lack of responsibility acknowledgement by either party c 
5.  Ignorance on advancements of technology 
6. Lack of active response to automation or computerization  
7. Pressure from the environment  
8. Application of wrong industry codes, standards as well as specifications 
9. Ordering incorrect  raw materials,  
10. Inventory control is not sufficient  
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11. Inadequate storage room, poor site layout and material handling  
12. Poor communication in the supply chain  
13. Irrelevant prescribed working methods  
14. No proper supervision and/or control  
15. Wrong procurement systems implemented  
16.  Not enough incentives provided by affected stakeholders  
17. Unsafe working conditions and poor practices  
18. Failing to maintain assets and/or equipment  
19. Electricity shortages  
20. Insufficient waste classification and collection  
21. Diverse causes  
22. Asymmetry in information given/received  
23. Lack of skilled labourers to do the job, as well knowledge on materials used.  
24. Transportation  
Augustine (2011) further outlines the typical material waste to be observed in construction 
sites to be: reinforcement steel, premixed concrete, cement in the production and handling 
mortar, brickwork, tiles, wiring and pipes. 
Classification of waste  
 
Criteria for waste classification Examples of waste types 
Sources or premises of generation Residential, commercial, industrial, 
municipal services, building and 
construction, agricultural 
Physical state of waste materials Liquid, solid, gaseous, radioactive 
Material composition of waste Organic food waste, paper and card, plastic, 
inert, metal, glass, textile 
Level of risk Hazardous, non-hazardous 
 
Table 1: Criteria for waste classification and examples of such waste 
Source: Augustine (2011) 
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Impacts of construction waste  
The current preferred waste management strategies are as ineffective as not managing the 
construction waste itself.  Globally, discarding construction waste is yet the most preferred 
waste management strategy even though it adversely impact the environment and economies. 
Several countries’ landfills are expected to reach the capacity within the next two coming 
decades. This has drove the decrease in availability of landfilling areas, increase in landfilling 
fees which has subsequently increase illegal construction waste disposal. Construction waste 
account for large percentage of construction waste which is driving the  In 2011, South Africa 
alone produce over 100 million tons of waste in generally, comprising of 4 million tons of 
construction waste of which 84% of it ended up in landfills  and 16% recycled (UrbanEarth, 
2013). Australian and Malaysian landfills comprise of 30% construction waste (Begum et al, 
2007). Also in United Kingdom, over 70% of construction waste ends up in landfills, 35% in 
Canada and 20% in New Zealand (Ministry for the Environment, 1997a).  
82% of landfills have been found to have been leaching toxic substances to ground water 
(wegreenUSA, 2016). Leaching is defined as the toxic substance profoundly formed by 
organic such as wood and non-organic materials such as steal and other highly reactive 
materials during the course of rainy seasons. Another issue of construction waste is due to 
unavailable land for landfills which has caused an increase of disposal fees that has 
subsequently driven the rise in illegal construction waste disposal (Local Government 
Association of Australia 2016). In United Kingdom, 1 in 3 illegal sites comprise only of 
construction waste and 228 out 800 sites are illegal construction waste dumping sites (CIOB, 
2015).   
Illegal construction dumping sites costs the government of South Africa staggering amounts 
when clearing the sites. In Johannesburg, over R170 million is injected annually remove the 
construction waste discarded illegally that is enough to alleviate shortage of housing by 
approximately 8000 new reconstruction development houses or at least 600 new ambulances 
for the society  (SA Commercial Properties, 2013). Not only do illegal construction sites 
pressures the governments to inject funds out of annual budget but they also affect the 
property markets. In Johannesburg, the close proximity of illegal construction sites to high 
valued properties has driven the demand and value of the properties down (MyRoof, 2013).  
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The impact of prefabrication on construction waste minimization 
The need to reduce waste in the construction industry and provide possible solutions to this 
problem were discussed by Osmani ( 2012) and Yuan (2013). According to Osmani (2012), if 
the world experiences an environmental crisis; a ‘zero waste’ strategy will be a challenging 
target to achieve in the construction industry. Ensuring that no waste is produced in 
construction is problematic due to the many stakeholders that are involved in the process 
from the production of construction materials used right until the final finished project. 
Construction waste can be reduced at the source and by implementing efficient waste 
management strategies which will aim to re-use and recycle the various waste components 
produced from construction and demolition. 
Design strategies to effectively minimize construction waste are discussed by Wang et al. 
(2014). Various design measures have been adopted to reduce construction waste. Wang et al 
(2014) mentions that these measures include the use of architectural technologies, such as 
large panel metal formworks and prefabricated components; implementing modular designs; 
avoiding design modification; and designing for the use of recycled materials. The single 
policy scenarios analysed in this case are prefabricated components, waste reduction 
investment and design modification. It indicates that the use of prefabricated components has 
the highest rate of percentage to reduce waste in a construction project. The study also 
indicates that by combining all the scenarios, waste reduction was 14% greater than by just 
utilizing one scenario instead. From this study, we learn that the use of appropriate design 
measures concurrently can effectively reduce construction waste through the complete cycle 
of the project.  
A study based in china pointed out that critical strategies for effective construction waste 
management can be implemented Yuan (2012). This was deduced on the conclusion of a 
SWOT analysis of successful construction waste management. The strategies which 
addresses the construction waste management problems in Shenzhen were as follows: the 
coordination of all members and stakeholders involved in the construction industry and 
making them aware of their responsibilities in the process, implementing detailed laws and 
regulations regarding construction waste management on projects, quantitatively 
investigating the amount of construction waste produced and providing the necessary waste 
facilities respectively, the implementation of good quality construction waste management 
throughout the life cycle of the project, executing a pilot program which makes use of 
recycled materials, carry out the relevant research required to investigate further ways of 
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reducing construction waste and lastly establishing awareness around construction waste 
management by hosting seminars and training programs.    
According to Tam and Tam (2006), the most effective solution to the construction waste 
problem is to implement reuse and recycling and to reduce the amount of construction 
materials during construction activities. This paper also evaluates the various technologies 
used in construction waste recycling and their viability together with their respective recycled 
products produced. The recycling studies were based on the most commonly used materials 
including concrete, asphalt, brick, ferrous metal, glass, masonry, non-ferrous metal, paper and 
cardboard, plastic and timber. The most common recyclable material was found to be 
aggregate which is mainly used in lower grade applications. 
Prefabrication can effectively reduce construction waste and with the adoption of this 
method, simultaneously reduce other causes of waste. This includes cutting, damages, 
transportation losses, changes in design and poor workmanship (Tam and Hao, 2014). Poor 
workmanship was found to contribute the highest rate of construction waste especially in 
terms of plastering and tiling work. It was found that the waste in this scope of work could be 
reduced by up to 100% with the adoption of prefabrication methods. There are also obstacles 
which exist with regards to prefabrication such as the storage of the components, special 
delivery vehicles for larger components and the lack of experience and skill in the 
construction industry.  
 A study based in China by Li et al. (2016) indicated that developers are moving towards the 
adoption of prefabrication to avoid future environmental issues caused by the accumulation 
of construction and demolition waste. Without the necessary instruments to measure and 
compare the waste derived from traditional construction in comparison to the prefabrication 
method, the study provides a model to quantify the wastes produced from these methods. It 
provides us insight into which method would be most influential for contractors to start 
adopting prefabrication as their preferred method of construction. It was found that increasing 
the policy for construction processes had the largest influence. Tax benefits were also found 
to be a means to promote prefabrication.  
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Chapter 3: Research Design 
Introduction 
According to the literature review in the previous chapter, it is critical to stipulate how the 
research on this study will be conducted. This chapter indicates and explains the methods of 
research which were utilised in order to gain the most accurate results for this study. This 
section firstly indicates the research methods which were used in conjunction with how these 
methods addresses the relevant problems as defined in the research problem. It then continues 
to the methods of data collection and how the collected data was analyzed. The justification 
for the subject selections and the potential limitations in carrying out this research are then 
discussed. The research carried out is also be in compliance with the University of the 
Witwatersrand Ethics Committee. 
Research paradigms 
Bandaranayake (2012) defines research philosophy as the certainty about how the data should 
be collected, tested and used. Only two distinct philosophies are recognised by western 
tradition of science explicitly positivist also known as scientific and interpretivist which is 
also known as anti-positivist. According to Dudovskiy (2008), positivist philosophy demands 
the researcher to formulate the hypothesis of which needs to be tested for results, however, 
gathering the data requires large amount of samples as compared to interpretivist or anti-
positivist paradigm and positivist mainly focuses and depends of facts as opposed to anti-
positivist philosophy which focuses on the meanings and small samples of data which are to 
be extensively analysed.  
Our research focuses on the philosophy of positivist approach. We have formulated a 
hypothesis and gathered the data through indulging to extensive sets of online surveys where 
we ought to collect quantitative data.  
 
Research Methodology 
According to the literature that has been reviewed, there are various research methods which 
have been used to measure the impact of prefabrication on construction waste.  
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 Physical construction material waste observation 
For the first part of the study, we have chosen to quantitatively measure the percentage of 
material waste produced during the traditional construction method and the prefabrication 
method respectively. The method of Tam, V and Hao, J in their study of the effect of 
prefabrication on construction waste minimization makes use of a formula which calculates 
the percentage of material waste being produced. The following formulae are used to 
calculate the waste produced from a prefabricated method of construction and the traditional 
method of construction respectively:  
𝑊𝑊
𝑃𝑃=
𝑀𝑀𝐷𝐷𝐷𝐷−𝑀𝑀𝑈𝑈𝐷𝐷
𝑀𝑀𝐷𝐷𝐷𝐷
×100%  
𝑊𝑊
𝑇𝑇=
𝑀𝑀𝐷𝐷𝐷𝐷−𝑀𝑀𝑈𝑈𝐷𝐷
𝑀𝑀𝐷𝐷𝐷𝐷
×100%  
𝑾𝑾𝑷𝑷 : Prefabrication waste (percentage) 
𝑴𝑴𝑫𝑫𝑷𝑷: Quantity of material delivered to site (prefabrication) 
𝑴𝑴𝑼𝑼𝑷𝑷: Quantity of material used (prefabrication) 
 
𝑾𝑾𝑻𝑻 : Traditional construction waste (percentage) 
𝑴𝑴𝑫𝑫𝑻𝑻: Quantity of material delivered to site (traditional construction method) 
𝑴𝑴𝑼𝑼𝑻𝑻: Quantity of material used (traditional construction method) 
The table below was used to analyse the results obtained from the two different methods of 
construction. 
 Traditional Construction Prefabrication 
 𝑴𝑴𝑫𝑫𝑻𝑻 𝑴𝑴𝑼𝑼𝑻𝑻 𝑾𝑾𝑻𝑻 𝑴𝑴𝑫𝑫𝑷𝑷 𝑴𝑴𝑼𝑼𝑷𝑷 𝑾𝑾𝑷𝑷 
Concrete (m3)       
Timber Formwork (m2)       
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Online Survey 
For the second part of the study, an online survey was conducted between professionals in the 
construction industry. This survey consisted of main factors and sub factors which induce 
construction waste on a project. These factors were carefully picked from previous research 
studies and the most common sub-factors were selected and grouped into main factors. The 
participants were required to rank each factor from a scale of 1 to 5 within the context of 
contribution rate that each sub-factor imposes. This method applies to both the traditional 
construction and prefabrication construction method. 
1. Causes of Waste : Contractual 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Errors in 
contract 
documents (1) 
          
Contract 
documents 
incomplete at 
commencement 
of construction 
(2) 
          
 
 
2. Design Waste  
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Design and 
construction detail  
errors (1) 
          
Unclear/unsuitable 
specification (2)           
Poor coordination 
and 
communication 
(late information, 
last minute client 
requirements, 
slow drawing 
revision and 
distribution) (3) 
          
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3.  Procurement 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Ordering errors 
(i .e., ordering 
items not in 
compliance with 
specification) 
(1) 
          
Over allowances 
(i.e., difficulties 
to order small 
quantities) (2) 
          
Supplier errors 
(3)           
 
 
4.  Transportation 
 Click to write Column 1 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Damage during 
transportation 
(1) 
          
Insufficient 
protection 
during 
unloading (2) 
          
Inefficient 
methods of 
unloading (3) 
          
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5.  On-Site management and Planning 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Lack of on-site 
waste 
management 
plans (1) 
          
Delays in 
passing 
information on 
types and sizes 
of materials and 
components to 
be used (2) 
          
Lack of 
supervision (3)           
 
 
6.  Material Storage 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Materials stored 
far away from 
point of 
application (1) 
          
Improper site 
storage space 
leading to 
damage or 
deterioration (2) 
          
On-site 
transportation 
methods from 
storage to the 
point of 
application (3) 
          
Materials 
supplied in 
loose form (4) 
          
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7.  Residual (prefabricated components) 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Waste from 
application 
processes (i .e., 
over-
preparation of 
mortar) (1) 
          
Formula 
calculations 
errors (2) 
          
Off-cuts from 
cutting 
materials to 
length (3) 
          
Waste from 
cutting 
uneconomical 
shapes (4) 
          
Packaging (5)           
On-Site 
installation (6)           
 
 
8.  Site Operation 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Unused 
materials and 
products (1) 
          
Equipment 
malfunction (2) 
          
Poor 
craftsmanship 
(3) 
          
Use of wrong 
materials 
resulting in their 
disposal (4) 
          
Time pressure 
(5)           
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9. Force Majeure 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Weather (1)           
Vandalism (2)           
Theft (3)           
 
Sampling Population 
This study employs two different methods of research. For the online survey which was 
conducted, the focus group was professionals that are part of the construction industry.  These 
professionals ranged from contractors, engineers or quantity surveyors. They were also 
required to have at least 2 years of working experience in the construction industry. The 
required sample was at least 30 respondents. This sample size allows for more accurate 
results and a broader scope of professionals across the construction industry. 
Data Collection 
For the traditional construction method, data was collected at a construction site in Killarney, 
Johannesburg. For the prefabrication construction method, the site was situated in Rosebank, 
Johannesburg.  
Data for the online surveys was collected from various experienced construction personnel. 
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Data analysis technique 
Figure 2: Research methodology structure 
Ethical consideration 
 
We conducted this research in compliance with the Ethical code of conduct of the University 
of Witwatersrand. This will ensure that there is no plagiarism in our findings and results of 
our research. 
Our survey respondents remained anonymous and they were also made aware of the nature of 
our survey, by email, before opting to participate. This entailed that they were informed of 
the necessary information required and the uses of the gathered data. They were also given 
the option to back out of the survey for any reason if they were not willing to participate. 
We firstly requested our respondents to participate over electronic communication methods. 
This provided them with the necessary information about our interests and the required data 
in the online survey along with a copy to the link of the survey.  
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 Chapter 4: Data Findings and Analysis 
 
Introduction 
There has been previous research published on the impact of prefabrication on construction 
waste minimization globally. This study has not been executed and published within the 
South African construction industry. For the first part of the research, the percentage of 
concrete and formwork waste was practically measured for both the conventional method of 
construction and the prefabrication method. For the second part of the research, an online 
survey was used to determine the severity and contribution rate of factors which induce 
construction waste on a project. 
 
 
Research purpose and approach 
The purpose of physically measuring the percentage waste of materials is to measure the 
impact of how prefabrication can effectively reduce the amount of construction waste 
produced on site. This is a quantitative approach in conjunction with a quantitative analysis. 
 
The purpose of the online survey is to establish the main origins of waste which would 
contribute to the overall amount of construction waste produced on site. This online research 
survey employs a qualitative approach with a quantitative analysis. This data was collected 
from professionals working in the construction industry. 
 
Research guidelines and considerations  
The quantitative method utilised to measure the percentage of construction material waste 
produced on site was gathered from previous researchers. The factors listed in the online 
survey were also guided by previous research studies. 
 
Findings of the survey  
The findings of the survey are addressed in this chapter. The contribution rate percentages of the 
sub-factors of each main factor were indicated separately. The averages of the percentages of all the 
sub-factors under the main factors were then calculated to identify which main origin of waste 
factor contributes the most to the production of construction waste. The results of this survey are 
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based on professionals with at least two years working experience in the construction industry. A 
total of 33 surveys were completed and utilised for this data analysis. 
 
Z-Score to Percentile Rank 
The first stage in analysing the data was using the z-score table to calculate the contribution rate of 
each sub-factor in the production of construction waste.  This is done for each sub-factor  by 
subtracting the benchmark, which is 4 in this case, from the mean, then dividing the difference by 
the standard deviation and converting the Z-score to a percentile rank. The objective of this analysis 
is to establish a ranking of the main factors and sub factors in order to identify the contribution rate 
that each of these sources have in the production of waste in construction. 
 
Results of individual categories  
Results of contractual factors 
The sub-factors in this category of waste origins focus mainly on errors with regards to construction 
contractual documents. From the results shown below, it is clear that an incomplete contract 
document at the commencement of construction has a higher contribution rate in producing waste.  
 
 
Figure 3: Sources of waste from contractual errors 
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Design 
The sub-factors in this category of waste focus mainly on errors with regards to the project’s design 
and design process. From the results shown below, it is clear that design and construction detail 
errors on plans has the highest contribution rate in producing waste and poor coordination and 
communication between project consultant’s has the lowest contribution rate in this category.  
 
 
Figure 4: Sources of waste from design errors 
13.14 
11.31 10.56 
0
2
4
6
8
10
12
14
Design and construction
detail errors
Unclear/unsuitable
specification
Poor coordination and
communication (late
information, last minute
client requirements, slow
drawing revision and
distribution) C
on
tr
ib
ut
io
n 
ra
te
 (p
er
ce
nt
ag
e)
 
Causes of waste 
Design 
24  
 
 Procurement 
The sub-factors in this category of waste focus mainly on errors which occur during the procurement 
stage of the project. From the results shown below, it is clear that ordering during procurement has 
the highest contribution rate in producing waste and errors caused by suppliers has the lowest 
contribution rate in this category.  
 
Figure 5: Sources of waste from procurement errors 
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The sub-factors in this category of waste focus mainly on errors which occur during the 
transportation of construction materials. From the results shown below, it is clear that damage 
during transportation of materials has the highest contribution rate in producing waste and 
insufficient protection during off-loading of materials has the lowest contribution rate in this 
category.  
 
Figure 6: Sources of waste from transportation errors 
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 On-site Management and Planning 
The sub-factors in this category of waste focus mainly on errors which occur due to poor 
management and planning skills on site. From the results shown below, it is clear that the lack of 
supervision of workers has the highest contribution rate in producing waste and delays in passing 
information of types and sizes of materials to be used has the lowest contribution rate in this 
category.  
 
 
Figure 7: Sources of waste from on-site management and planning errors 
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Material Storage 
The sub-factors in this category of waste focus mainly on errors with regards to the storage of 
building materials. From the results shown below, it is clear that improper site storage space leading 
to damage or deterioration has the highest contribution rate in producing waste and poor 
coordination and materials stored far away from point of application has the lowest contribution 
rate in this category.  
 
Figure 8: Sources of waste from material storage errors 
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Residual (Prefabricated Components) 
The sub-factors in this category of waste focus mainly on residual errors. From the results shown 
below, it is clear that Waste from cutting uneconomical shapes of building materials has the highest 
contribution rate and the remainder of the factors have a very similar contribution rate in producing 
waste.
 
Figure 9: Sources of waste from residual errors and the use of prefabricated components 
 
 
 
 
 
 
 
 
 
 
19.22 20.33 20.05 
28.1 
19.22 19.22 
0
5
10
15
20
25
30
 C
on
tr
ib
ut
io
n 
ra
te
 (p
er
ce
nt
ag
e)
 
Causes of waste 
Residual (Prefabricated Components) 
28  
 
Site Operation 
The sub-factors in this category of waste focus mainly on errors with regards to the project’s site 
operation processes. From the results shown below, it is clear that poor craftsmanship has the 
highest contribution rate in producing waste and poor coordination and equipment malfunction has 
the lowest contribution rate in this category.  
 
 
 
Figure 10: Sources of waste from site operation errors 
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Force Majeure (External Forces) 
The sub-factors in this category of waste focuses on external forces which cannot be controlled 
(Force Majeure). From the results shown below, it is clear that vandalism has the highest 
contribution rate in producing waste and poor coordination and poor weather conditions has the 
lowest contribution rate in this category.  
 
 
 
Figure 11: Sources of waste from uncontrollable events (Force Majeure) 
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Combined results 
The average of each category has been calculated to analyse which origin of waste contributes the 
most to producing waste within a construction project. From these results, we see that Residual 
errors such as packaging, cutting of building materials and installation on site contributes the most in 
producing construction waste. These factors are directly impacted by the use of prefabricated 
components which allows for the minimization of construction waste. 
 
Figure 12: Combined results of each main factor 
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Transportation:  this includes damage during transportation and off-loading methods. 
11.85% was recorded for this element and this is fairly small as compared to six other 
elements which were evaluated.  
On-Site management and Planning: Onsite waste management planning was the focus for 
this question and whether site supervision is essential to help do away with waste generation 
on sites. On-site management recorded the second highest score with 22.73% against Site 
Operation factors consisting of: unused materials and equipment malfunction, poor 
craftsmanship, disposal of materials due to using them wrongly, as well as time pressure. The 
score is for the above mentioned collectively results in 19.54%.  It is quite evident that these 
are major factors for construction waste generation in construction projects in Johannesburg.  
Other: factors, inclusive of theft, weather and vandalism shows to be the fourth contributing 
factor at 18.29%, with Material Storage on site contributing 15.66%.   
The critical waste contributors in construction projects around Johannesburg are:  
1. Waste from over-preparation in application processes. 
2. Material off-cuts 
3. Packaging and installation  
4. Formula calculation errors 
5. On-site installation  
The above mentioned collectively aggregate to a 25.23% contribution factor.  
To the contrary, when prefabrication is used, the elements recorded above showcase a lesser 
percentage in waste generation. 
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Findings of the physical construction material waste observation 
The percentage of waste produced from each method of construction is derived from the formula 
indicated below and is calculated using the quantities of materials, used in the construction of a 
concrete floor, delivered and utilised on site. From the data, it is clear that the traditional method of 
construction produces more waste as compared to the prefabrication method of construction.  
 Traditional Construction Prefabrication 
 𝑴𝑴𝑫𝑫𝑻𝑻 𝑴𝑴𝑼𝑼𝑻𝑻 𝑾𝑾𝑻𝑻 𝑴𝑴𝑫𝑫𝑷𝑷 𝑴𝑴𝑼𝑼𝑷𝑷 𝑾𝑾𝑷𝑷 
Concrete (m3) 6 5.5 8.33% 20 19 5% 
Timber Formwork (m2) 27 20 25.93% 0 0 0% 
Table 2: physical observation of material wastage percentages 
 
𝑊𝑊
𝑃𝑃=
𝑀𝑀𝐷𝐷𝐷𝐷−𝑀𝑀𝑈𝑈𝐷𝐷
𝑀𝑀𝐷𝐷𝐷𝐷
×100%  
𝑊𝑊
𝑇𝑇=
𝑀𝑀𝐷𝐷𝐷𝐷−𝑀𝑀𝑈𝑈𝐷𝐷
𝑀𝑀𝐷𝐷𝐷𝐷
×100%  
𝑾𝑾𝑷𝑷 : Prefabrication waste (percentage) 
𝑴𝑴𝑫𝑫𝑷𝑷: Quantity of material delivered to site (prefabrication) 
𝑴𝑴𝑼𝑼𝑷𝑷: Quantity of material used (prefabrication) 
 
𝑾𝑾𝑻𝑻 : Traditional construction waste (percentage) 
𝑴𝑴𝑫𝑫𝑻𝑻: Quantity of material delivered to site (traditional construction method) 
𝑴𝑴𝑼𝑼𝑻𝑻: Quantity of material used (traditional construction method) 
Discussion of results 
The comparison of concrete against timber on site is depicted by the overhead calculations. 
The comparison aims to prove that amongst this two comparable, which one generates a 
greater waste percentage in either the traditional construction method or prefabrication.  
Conferring to the above calculations, concrete generates less waste in the traditional method 
compared to timber; however, using prefabrication reduces the percentage waste generated. 
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The great difference among the two results from the fact that timber is used to build up 
different shapes/elements and is easily affected by weather.  
No formwork was used in the construction of the prefabricated floor slab as the slab was 
delivered complete to site, hence the 0% registry 
Comparing findings of with literature 
Survey 
The top 5 sub factors were selected from the above data and this was compared to a benchmark 
which was gathered from the literature study. The results from this literature study were based on 
reasons leading to waste for various on-site production activities. These results were also gathered 
from both the traditional method and the prefabrication method of construction. 
 
From literature 
Rank Sub-factor Main factor 
1 Over order Procurement 
2 Damage 
during 
transportation 
Transportation 
3 Loss during 
installation 
Residual 
4 Poor 
workmanship 
Site operation 
5 Change of 
design 
Design 
 
Table 2: Benchmark of the top 5 sub-factors contributing to the production of construction waste 
gathered from literature 
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From survey 
Rank Sub-factor Main Factor 
 
1 
Lack of 
supervision 
On-site 
management 
and planning 
2 Poor 
craftsmanship 
Site 
operation 
 
 
 
3 
Ordering 
errors (i.e., 
ordering 
items not in 
compliance 
with 
specification) 
 
Procurement 
 
 
3 
Improper site 
storage space 
leading to 
damage or 
deterioration 
 
Material 
storage 
 
3 
Unused 
materials and 
products 
 
Site 
operation 
Table 3: Top 5 sub-factors contributing to the production of construction waste gathered from the 
online survey 
 
From the above comparison table gathered from literature, we see that there is one sub-factor each 
for procurement, transportation, residual, site operations and design. There is a similarity to the 
findings in the survey as there are two sub-factors under site operations and one under 
procurement. Despite lack of supervision not being a sub-factor in the data gathered from literature, 
it is the highest contributing waste factor seen by professionals in the industry. 
The difference in the remainder of the sub-factors may be that the construction industry here in 
South Africa faces different challenges as compared to the construction industry in other countries. 
Professionals working in different sectors of the industry may also incur different causes of waste to 
others working in other professions. For example, a contractor will see the direct physical impacts 
while a consultant quantity surveyor will notice the waste in procurement, over-ordering and change 
in specifications and design. 
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Physical construction material waste observation 
From a literature study carried out previously, the following percentages of waste were calculated 
for a residential building. These percentages were used as a benchmark against which our calculated 
percentages were measured. 
From literature 
Material Prefabrication 
Waste 
Traditional 
Waste 
Concrete 4% 10% 
Formwork 7.5% 28.75% 
Table 4: Benchmark percentages of material wastage gathered from literature 
 
From observation 
Material Prefabrication 
Waste 
Traditional 
Waste 
Concrete 5% 8.33% 
Formwork 0% 25.93% 
Table 5: Percentages of material wastage gathered from physical observation 
 
According to the findings found in the literature and our observed results, the findings were very 
similar. It is evident from these results that the traditional method of construction produces more 
construction waste. The traditional method of construction produces almost double the amount of 
wastage as compared to the prefabrication method. 
The difference in percentages for formwork used in the prefabrication method may differ due to 
different building components being constructed in each respective observation.  
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Research limitations 
• Focus group: The focus group used for this study was professionals in the construction 
industry with at least 2 years of working experience. 
• Location: The research study was based in Gauteng, South Africa. However, these 
professionals are most likely to have also worked on projects outside of this region. 
• Main factors: The main factors that were used in the research study were guided by 
previous research studies which were based around the similar topic. Future research should 
allow for the respondents to review the main factors in order to validate its relevance and to 
add on any other factors to the list of main factors. 
• Sub factors: The sub-factors used in this study were also gathered from previous research 
studies and literature. Future research should allow for the sub-factors to best suit the type 
of projects in question. 
• Duration: The survey was sent out to the focus group for a period of two months 
(September 2016 to October 2016). For a more comprehensive research, the survey could 
be made available for a longer period to allow for more participants. 
• Response rate: Out of the 72 online surveys which were sent out, 33 responses were 
received and recorded which works out to a response rate of 46%. Participants should be 
made aware by means of telephonic communication to ensure that the surveys are 
effectively completed. 
 
Summary 
Online survey 
The results of the online survey were collected through Qualtrics.com and compiled in a Microsoft 
Excel spreadsheet. Each factor was then analysed by using the mean and standard deviation to 
calculate their Z-scores and respective percentages. It was established that the top sub-factors were 
part of site operation errors and site management and planning errors. 
 
The comparison of these factors and the benchmark of factors used were very similar and may differ 
due to different sub-factors used in their studies.  
 
The results of this study will be used to create awareness and set in place certain measures in order 
to ensure that less waste is produced in these specific scenarios. 
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Physical material waste observation 
For the physical observation of construction waste quantification, data was collected by analysing 
the amount of materials delivered to site and the amount of materials used on the site for each 
material and method of construction. 
It was found that the prefabrication method of construction produces less material waste on site 
however, there could be more material waste associated with the direct production of these 
components. 
These results were then compared to previous results obtained from previous research studies and 
it was noted that the results which we obtained were very similar.  From this result, we can conclude 
that the prefabrication method of construction is an effective method of reducing construction 
waste. 
This research report study ultimately aims at determine whether the prefabrication method of 
construction will produce less material waste as compared to traditional method of construction. 
And by so doing, answer the question: Can opting for prefabrication method of construction impact 
the waste generation compared to the traditional method of construction? 
Research Objectives 
When the group started with the study, some of our main objectives were to understand the 
following: 
• The building materials used and the amount delivered to site as well as those that get 
discarded.   
• Identify some of the most fundamental factors that lead to waste generation both in 
sustainable buildings and traditionally built buildings. 
• Identification of whether prefabrication of components can introduce “green construction” 
generally known as sustainable construction.  
As at final reporting, the answer to what is construction waste was understood through literature, 
and the critical sources of construction waste were determined through the online questionnaire 
taken by professionals. Indicators/guidelines on questions to ask were also deduced from literature 
reviews.  
Regarding productivity and sustainability, it is fair to say that prefabrication offers better 
construction waste management. We believe the reason behind this is due to the fact that 
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prefabrication application uses tested formulas to generate quantities of material requested as well 
as their strength, thus a greater room for error is minimized. Most companies will do the assembly 
or installation on site, or alternatively give a detailed installation procedure. Most waste factors in 
traditional construction are inevitable, i.e. weather, theft, variation orders from changing scopes, 
etc. Nonetheless, stricter monitoring/evaluation measures can be implemented.  
 
The extent at which prefabrication can aid in green construction was not determined. 
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Chapter 5: Recommendations and Conclusion 
Recommendations 
From the analysis of the survey data, the key contributing factor to generation of construction waste 
is found to be the on-site and planning which leads to poor supervision. The below diagram shows 
the linkage between the on site management, poor planning and construction waste generation. 
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Lack of 
awareness  
Construction 
Waste  
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 To reduce construction waste generated on-site, it is recommended to; 
• Educate the management involved to construction about 
o the factors contributing to construction waste generation  
o impacts of construction waste  
 
• Introduction of proper training and awareness programmes to improve the skills and 
involvement of workforce to the construction projects  
 
• Introduction of strict waste laws and incentives for waste reduction 
 
o E.g. Heavier fines  
o Mandatory submission of waste management plan for a project before the project 
commences 
 Submission to municipality waste management offices  
 Fine for every ton of waste generated  
 
• Usage of both traditional and prefabrication method 
• The principal agents should encourage clients to finalize the project scope before 
construction commences to avoid ordering wrong materials as a result of insufficient 
specifications.  
 
Conclusion  
Through this research study, we are able to identify two different sets of data. For the first part, the 
main contributing factors to waste on a construction project were identified and rated accordingly. 
The limited sample size gives us a fair and accurate representation of the highest contributing 
factors to construction waste. Professionals in the construction industry ranging from contractors to 
engineers will be able to identify the key areas to be focused on in order to reduce the amount of 
construction waste produced on a project.  
For the second part of the study, it was evident that the use of the prefabrication method of 
construction produces less material wastage as compared to the traditional method of construction. 
The material wastage during the production of these prefabricated components have not been take 
in to consideration. 
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If the prefabrication method of construction is adopted by professionals in the industry, it will in turn 
reduce the amount of waste produced and help grow towards a greener environment. 
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Annexures 
Online survey 
10. Causes of Waste : Contractual 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Errors in 
contract 
documents (1) 
          
Contract 
documents 
incomplete at 
commencement 
of construction 
(2) 
          
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11. Design Waste  
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Design and 
construction detail 
errors (1) 
          
Unclear/unsuitable 
specification (2)           
Poor coordination 
and 
communication 
(late information, 
last minute client 
requirements, 
slow drawing 
revision and 
distribution) (3) 
          
 
 
12.  Procurement 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Ordering 
errors (i.e., 
ordering items 
not in 
compliance 
with 
specification) 
(1) 
          
Over 
allowances 
(i.e., 
difficulties to 
order small 
quantities) (2) 
          
Supplier errors 
(3)           
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 13.  Transportation 
 Click to write Column 1 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Damage 
during 
transportation 
(1) 
          
Insufficient 
protection 
during 
unloading (2) 
          
Inefficient 
methods of 
unloading (3) 
          
 
 
14.  On-Site management and Planning 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Lack of on-site 
waste 
management 
plans (1) 
          
Delays in 
passing 
information on 
types and sizes 
of materials 
and 
components 
to be used (2) 
          
Lack of 
supervision (3)           
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15.  Material Storage 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Materials 
stored far 
away from 
point of 
application (1) 
          
Improper site 
storage space 
leading to 
damage or 
deterioration 
(2) 
          
On-site 
transportation 
methods from 
storage to the 
point of 
application (3) 
          
Materials 
supplied in 
loose form (4) 
          
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16.  Prefabrication 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Waste from 
application 
processes (i.e., 
over-
preparation of 
mortar) (1) 
          
Formula 
calculations 
errors (2) 
          
Off-cuts from 
cutting 
materials to 
length (3) 
          
Waste from 
cutting 
uneconomical 
shapes (4) 
          
Packaging (5)           
On-Site 
installation (6)           
 
 
50  
 
17.  Site Operation 
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Unused 
materials and 
products (1) 
          
Equipment 
malfunction 
(2) 
          
Poor 
craftsmanship 
(3) 
          
Use of wrong 
materials 
resulting in 
their disposal 
(4) 
          
Time pressure 
(5)           
 
 
18.  Other  
 Contribution Rate 
 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 
Weather (1)           
Vandalism (2)           
Theft (3)           
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Literature study benchmark for online survey 
 
From literature 
Rank Sub-factor Main factor Mean 
1 Over order Procurement 3.65 
2 Damage 
during 
transportation 
Transportation 2.85 
3 Loss during 
installation 
Residual 2.95 
4 Poor 
workmanship 
Site operation 3.55 
5 Change of 
design 
Design 2.37 
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